Purpose: Inferior vena cava filters (IVCFs) are often placed for prophylactic indications. We sought to better define the range of practice indications for placement of prophylactic IVCFs, as well as the specific retrieval rate and risk factors for nonretrieval. Methods: A retrospective, single-institution review of patients undergoing IVCF placement over a 2-year period was performed. Patients undergoing prophylactic IVCF placement were selected from a prospectively collected database. Risk factors for nonretrieval were identified using a multivariate logistic regression model. Results: Of 615 IVCFs placed, 256 were retrievable filters placed for prophylactic indications and comprised the study cohort. The most common indications were a history of venous thromboembolic disease (43.7%), malignancy (35.1%), bleeding risk precluding anticoagulation (33.9%), and trauma (22.6%). One hundred sixty-three (63.6%) were placed preoperatively. Placement was performed in 70.3% by interventional radiology, 21.4% by vascular surgery, and 8.2% by cardiology. The most common requesting services were orthopedics (67%), general surgery (11%), neurosurgery (9%), and bariatric surgery (7%). Of all, 67.6% were placed in the inpatient setting and 32.4% in outpatients. Seventyone (27.7%) of the 256 prophylactic filters were retrieved, with a mean indwelling time of 92 + 74 days. Inpatients were significantly less likely to have their IVCF removed (32.4% vs 57.8%; P < .001), as were preoperative patients. Conclusions: This study helps define current practice trends for the placement of prophylactic IVCFs. Importantly, the specific retrieval rate for prophylactic filters is low. This suggests that prophylactic IVCF usage is suboptimal and efforts should be taken to increase retrieval, especially among inpatients and perioperative patients.
Introduction
The use of inferior vena cava filters (IVCFs) has been thoroughly studied in a wide range of clinical contexts and proven to be effective therapy in certain cases for prevention of venous thromboembolism (VTE). Absolute indications for IVCF placement are well defined, primarily for VTE with contraindication to, complications from, or failure of systemic anticoagulation. 1 Relative indications are somewhat more controversial, especially with regard to the prophylactic implantation of IVCFs. The rationale behind prophylactic filter placement is to prevent a potentially fatal pulmonary embolic event in patients who do not have an active deep venous thrombosis or pulmonary embolism (PE) but who are at increased risk. Filters have been placed for a variety of such indications, including trauma, 2 various malignancies, 3 and those undergoing "high risk" procedures such as bariatric 4 or orthopedic surgery. 5 This is performed either in combination with or in lieu of anticoagulant therapy. However, little clinical benefit has been shown in this specific context to date. One metaanalysis showed an association between prophylactic IVCF placement and decreased risk of both PE and fatal PE in trauma patients, though none of the individual studies examined demonstrated this alone. 2 Additionally, a recent study using registry data demonstrated no survival benefit in trauma patients undergoing prophylactic IVCF placement. 6 Overall poor rates of IVCF retrieval have been well documented in the literature, with only approximately one-third of filters ever being removed. [7] [8] [9] The retrieval rate may be even lower with 10 ; even more strikingly, only 8.5% of prophylactic IVCFs were removed in a large series of trauma patients at a level 1 trauma center. 11 Nonretrieval of filters can contribute to increased complications such as filter thrombosis, migration, fracture, and perforation. 12 If there is any benefit to be gained from prophylactic IVCF placement, the practice pattern must be optimized. Optimal utilization suggests that the filter only be used when the risk of VTE is substantial and systemic anticoagulation cannot be safely administered. Additionally, the filter should only be in place as long as the risk is present and then expeditiously removed. There is a paucity of data regarding current practice patterns, and one of the objectives of this study was to define who is placing prophylactic filters, the clinical setting in which the procedures are performed, and the specific indications for implantation. We also sought to define the specific retrieval rate for this group and determine whether physician, patient, or clinical factors contribute to the likelihood of nonretrieval. We hypothesized that patients having filters placed in the ambulatory setting, especially for preoperative indications, would be more likely to have their filters removed when compared to those having filters placed during an inpatient visit.
Materials and Methods
As part of an institutional quality initiative, we reviewed all patients undergoing IVCF placement for any indication at a single, tertiary care institution over a 2-year period from 2010 to 2012. The facility includes a level 1 trauma center. Patient data were entered into a prospectively maintained database, for which approval by the institutional review board was waived. No informed consent was required for this study. Included were patients from the operating room, as well as from the interventional cardiology and radiologic angiography suites. Both inpatients and ambulatory outpatients were included. Filter placement technique was at the discretion of the individual operator, as was the choice of device. Prophylactic filters were considered to be those inserted for any indication other than active VTE disease. For inpatients, this included all patients for whom VTE was neither the primary reason for admission nor occurred during the index admission. For outpatients, this included preoperative patients undergoing high-risk procedures (primarily orthopedic and bariatric surgery), patients with known hypercoagulable states, and morbidly obese patients. A history of VTE with need for interruption of anticoagulation therapy was included as a prophylactic indication in both inpatients and outpatients. Filter retrievals were also recorded in the database. Statistical analysis was performed for each variable with regard to the likelihood of retrieval using the Fisher exact test. Variables found to be statistically significant (P < .05) were then entered into a multivariate logistic regression model to determine whether the factor was significantly associated with likelihood of filter nonretrieval (P < .05).
Results
A total of 615 patients had IVCFs placed during the study period, for which complete records were available in 589 (95.7%). Of these 589 filters, 274 (46.5%) were placed for prophylactic indications, of which 256 were retrievable; these 256 patients comprised the primary study cohort for analysis. Retrievable filters included the Option (Argon Medical, Plano, Texas; n ¼ 153), Tulip (Cook Medical, Bloomington, Indiana; n ¼ 68), Celect (Cook Medical; n ¼ 20), ALN (Inovanz, Victoria, Australia; n ¼ 2), and not documented (n ¼ 13). Baseline characteristics of all patients receiving IVCFs are outlined in Table 1 ; the only factor which varied significantly between the study cohort and the overall sample was that there was a higher proportion of inpatients receiving nonprophylactic filters and a higher proportion of outpatients receiving prophylactic filters. Within the prophylactic filter study cohort, 163 (63.6%) IVCFs were placed preoperatively, the most common requesting services being orthopedic surgery (67%), general surgery (11%), bariatric surgery (7%), and neurosurgery (9%). Prophylactic filter insertion was performed by interventional radiology (IR) in 180 (70.3%), vascular surgery (VS) in 55 (21.4%), and interventional cardiology (IC) in 21 (8.2%) cases. The most common prophylactic indications were history of prior venous thromboembolic disease (112 patients, 43.7%), malignancy (90 patients, 35.1%), bleeding risk precluding appropriate anticoagulation therapy (87 patients, 33.9%), and trauma (58 patients, 22.6%; Figure 1 ). Patients often had multiple indications. One hundred seventy-three (67.6%) prophylactic IVCFs were placed in the inpatient setting, with the remaining 83 (32.4%) being placed in outpatients.
Overall, 71 (27.7%) of the 256 prophylactic filters were ultimately removed, with a mean indwelling time of (HTN) , and chronic obstructive pulmonary disease (P < .01, Fisher exact test). Filters placed for indications of cancer, bleeding risk, and VTE history were also less likely to be removed (P < .01, Fisher exact test). Outpatient status was the only factor associated with increased likelihood of retrieval (P < .01, Fisher exact test; Table 2 ). These significant factors were then entered into a logistic regression model, and following this, the only factors which remained significantly associated with filter nonretrieval were inpatient status and preoperative placement ( Table 3 ). The strongest predictor of nonretrieval was inpatient status (P < .01), with only 13.2% retrieval compared to 57.8% for outpatients (Figure 2 ).
Discussion
The use of IVCFs for prophylactic indications is controversial and no uniformly accepted guidelines exist. Moreover, there is a paucity of data in the current literature describing practice patterns in the utilization of prophylactic IVCFs. Perhaps somewhat surprisingly, nearly half of the filters placed in our study were for prophylactic indications. This underscores the importance of this often-overlooked cohort, as presumably this is the case at many other centers as well.
Optimal usage of prophylactic IVCFs includes placement only in defined clinical situations where there is a substantial risk of VTE and prompt removal once that risk has subsided. Expeditious removal is warranted when the clinical scenario allows, given the well-described complications of indwelling IVCFs including thrombosis, perforation, and fracture with migration or embolization. 12 Given that these patients (by definition) do not have active VTE, risk-benefit analysis suggests this is especially true in this setting. Unfortunately, there is neither a consensus on what represents a "substantial" risk of VTE nor on what represents a reasonable time for removal. This is largely left to clinician judgment, which represents a significant confounder and limitation of this study.
The retrieval rate for prophylactic filters in this study was 27.7%, consistent with the current literature. Unfortunately, the granularity of our database is insufficient to determine whether patients had a failed attempt at retrieval or were simply lost to follow-up or never returned for removal, which represents another significant limitation of this study. Our original hypothesis was that outpatients would have had a higher rate of retrieval since they are already plugged into the ambulatory system and have an established, longitudinal relationship with the physician, so would therefore be more likely to make and keep a follow-up appointment. This did turn out to be a highly significant factor after logistic regression. However, patients with filters placed preoperatively, although mostly outpatients, were statistically less likely to have their filters removed. It is unclear why this is the case, but clearly this represents an opportunity for improvement as these patients have similar longitudinal relationships with the institution and should be easily captured and contacted regarding removal. With regard to specialty, IC was the most likely service to retrieve their filters. However, comparatively few IVCFs were placed by IC, making this result difficult to interpret. Specialty was therefore not included in the logistic regression model used to evaluate factors associated with nonretrieval. No clinical or patient factors were noted to be significantly associated with likelihood of retrieval. Retrieval of prophylactic IVCFs remains unacceptably low. Several initiatives have been put forth in many institutions to improve retrieval rates with some success, including creating structured protocols and registries, sending letters to patients, and automatically scheduling follow-up outpatient appointments. [13] [14] [15] However, with still two-thirds of the so-called retrievable filters never actually being removed, there is clearly room for improvement.
For many patients, specifically those getting filters for trauma or perioperatively, removal during the same hospitalization may be feasible if the bleeding risk subsides and the patient can be given prophylactic or therapeutic anticoagulation. Part of the initiative going forward at our institution is to identify those patients who remain in the hospital for a prolonged course after having a prophylactic IVCF placed.
Working with the primary service to ensure that appropriate anticoagulation regimen is started when safe, and the patient is scheduled for IVCF removal before discharge, should obviate the problems associated with poor follow-up which contribute to filter nonretrieval. Initiation of specific guidelines for when to restart anticoagulation based on mechanism and severity of injury may help to ensure this does not go unaddressed by the primary service; there is almost certainly a lack of motivation to restart anticoagulants when a filter is in place as a fail-safe. For those who do leave the hospital with their filter in place, more active attempts by the physician should be made to encourage patients to return to the clinic and discuss removal.
Conclusion
Despite a lack of clear guidelines for use, there are a significant number of filters being placed for prophylactic indications. This observational cohort study outlines the current practice trends with regard to retrieval of these filters in a tertiary care setting. The retrieval rate for prophylactic filters is unacceptably low, and further work is needed to establish programs to ensure timely removal. Outpatients are much more likely to have their filters removed, presumably because they have an established relationship with the clinic and physician, and are more likely to return for follow-up. As such, the focus should be on establishing better programs to capture inpatients for retrieval either during the index admission or postdischarge. For patients who remain in the hospital following traumatic injury or surgery, there may be an opportunity to start an appropriate anticoagulation regimen and remove the prophylactic filter prior to discharge. A close relationship with the primary admitting service and a formalized protocol for restarting anticoagulant therapy may aid in improving retrieval rates in these patients.
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